Abstract
INTRODUCTION
Recent papers [1, 2] introduced wavelet families based on the idea of linking 2nd order ordinary differential equations (wave equations) with the transfer function of multiresolution analysis filten. Gegenbauer polynomials have already been used in low-pass and bigbpass filter design [3-61, either as impulse response of FIR filters or as frequency response of window and wavelet functions.
Gegenbauer polynomials, or ultraspherical harmonics polynomials, are solution of the differential equation, n integer:
(1-2 2 )--(2a+l)z-+n(n+ d 2 y dY 2a)y = 0.
(1)
dz' dz The nth order orthogonal Gegenbauer polynomial
Cr'(z) is described, for n > 2 , 14 5 1 and a > 4 / 2 , by the recursion relationship [7]:
with C,@)(z)=2nz and C~' ( z ) = 2 a ( a + l ) z 2 -a .
Additionally, the following property holds
Cr'(-z) =(-l)"Cy'(z). For real z , IdSl, the function Cf'(z), n odd, cannot be used as wavelet, despite having zero mean value, because its no decayingto-zero property [7] . Under later consideration, it is adopted the variable change z = cos(0), and deal with the polynomials CF'(cos@)). Figure 1 plots some Gegenbauer polynomials. It can be seen that Cp'(cos@)) is K -periodic ( n even) without common zeroes; or 271 -periodic (n odd) with a common zero at 0 =71/2, IC~)(cos(~/2))l= 0 , and it has n distinct roots within the interval 0 < 0 S a ( n even) or 0 < 0 5 271 ( n odd).
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GEGENBAUER MRA
In order to adjust odd degree Gegenbauer polynomials to a suitable frequency response of the low-pass filter, it is necessary to set a null at n . This can be done by assuming 0 related to the spectral frequency w as 8 = 642. These scaled versions of Gegenbauer polynomials Cf1(cos@/2)) present a shape of a lowpass filter. The even degree polynomials do not show low-pass filter behavior, since ICf'(cos(n))l# 0. Thus, only odd n is taken into consideration.
Constraining a within the polynomial orthogonality range, a > -112, the number of zeroes in 0 < w 5 2 n is driven by the degree of the Gegenbauer polynomial. 
LowPass Filter Coefficients
Since 4 ( U ) is defined, the next step is to assign a phase to define H V ( a ) and to compute its filter 
GEGENBAUER WAVELETS
In order to define high-pass filters to generate Gegenbauer wavelets, a II radians shift on the frequency response of Gegenbauer scaling functions is needed. In discrete time domain, that frequency-shift corresponds to a circular shift of the low-pass filter coefficients. Thus, the wavelet filter coefficients g, , k E Z , are given by g; = (-l)khy-k, k=l,2, . .., v . These wavelets satisfy wavelet properties [9] : zero mean value, fmite energy (Gegenbauer wavelets have compact support), and admissibility condition.
An non-orthogonal filter bank based on Gegenbauer low and high-pass filters can be defined. The wavelet shape can be derived by an iterative procedure similar to that one used to generate the scaling function. Figure 4 shows the wavelet corresponding to the scaling functions presented in Figure 3 . As with many compact support wavelets. there is no analvtical formula for describine 
EXAMPLE CASE
In the following, a simulated single-phase-to-arth fault signal from a 500kV three-phase power system, presented in Figure 5 , is analyzed. This signal was analyzed with 4coefficients filters: Daubechies (DauM), Chebyshev (Cbeb4), Gegenbauer with a = 12 (Geg4a12).
Figures 6 and 7 present the time domain scaling and wavelet functions and its frequency response. By considering only one stage of filter bank decomposition, the details of that signal are presented in Figure 8 . Imposing a threshold to the fault detection, all analyzed cases successfully identified the fault condition. Moreover, all detections occur at the same timestamp. Approximated versions of the original signal, derived from Gegenbauer scaling filters, present a soft oscillation after the fault incidence than the one offered by DauM. These initial findings indicate that Gegenbauer filters can be used to fault analysis. 
CONCLUSIONS
filters have odd symmetry, and are, respectively, type I1 and type IV FIR generalized linear phase filters [IO] .
Each one has linear phase and constant group delay, which means that there is no delay on different frequency components to compose the analyzed signal. One advantage in favor of Gegenbauer wavelets is the computational effort, since they are derived from symmetric filters and only a half of its coefficients needs to be computed. Their relevance on fault analysis from power systems is currently being investigated.
